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Abstract 
Pollution assessment index analysis was used to evaluate pollutant reducing effect on shrimp pond bottom, by poly-
culture of shrimp with oyster and clamworm respectively and applying two series of probiotics of SS3 (a composition 
of three strains Bacillus sp.) and MP (a composition of B.subtilis, B.cereus, and B.licheniformis) respectively. Results 
showed that poly-culture with a suitable density of culture species could reduce waste products in the shrimp pond, 
whereas high clamworm or oyster stocking density made for higher mortality and lower yield of shrimp than the 
control. Both clamworm density of 0.4 kg/m2-0.8 kg/m2, which was calculated to be proportional to the relative 
pollution index (RI) as an exponential model, and oyster density of 0.32 kg/m3-0.64 kg/m3 should be feasible to poly-
culture based on this experiment. In the treatments of probiotics SS3, less effect of pollutant reducing and lower 
shrimp yields were observed. In contrast to SS3, the high MP applied treatments brought on not only higher shrimp 
survival or yield than the control, but also had successful bioremediation effects on the pond bottom. According to 
the value of the pollutant reduction index (PI) within the four techniques, the effect on pollution reduction was ranked 
as follows: poly-culture with clamworm, probiotics MP, poly-culture with oyster, probiotics SS3 
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1. Introduction 
The pond bottom soil and the accumulated sediments are integral parts of a pond and their properties 
are very important regarding the well being and growth of fish or shrimp in a pond [1]. Present intensive 
shrimp farming methods result in an excessive accumulation of nutrients and organic residues beyond 
what could be defined as the carrying capacity of the sediments. For instance, Ritvo et al. [2] found that 
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the concentration of N, Mg, K, Na, and B increased rapidly in new ponds reaching maximum levels 
following five production cycles and the concentration of S, P, and Zn in the sediments continued to 
increase. Of the total, the major deposition of nutrients accounted for 14-53% nitrogen and 39-67% 
phosphorus in the closed shrimp culture system and 80-90% nitrogen and phosphorus in the fish-pond [3, 
4]. The average seasonal deposition rate was about 200 tons ha-1 on shrimp pond bottoms among seven 
reports [1]. Deposition of organic matter is the most important property of sediment in marine culture 
system. The sediment waste from shrimp farms goes directly into adjacent environments after crop, and 
has raised concerns globally about adverse environmental impacts [5]. In addition to the environmental 
issues, the discharge of untreated pond castoff represents an economic loss of costly nutrients, thereby 
reducing farm profitability. One of the major challenges facing the shrimp farming industry is to 
overcome the environmental concerns and to improve economic efficiency by developing and 
implementing biotechnology approaches to reducing waste. 
In the present study we try to reduce or recycle the waste nutritional matters in sediment via different 
techniques, including poly-culture with oyster and clamworm respectively and bioremediation with two 
series of probiotics as sediment additives in marine shrimp pond. Pollutant reducing effect was assessed 
and compared by relative pollution index and pollutant reduction index based on contaminations N, P and 
S in sediment among and within advanced experiments. 
2. Material and methods 
2.1. Poly-culture 
The farms were located about 60 km southeast of Weihai in China, near the mouth of a tidal creek of 
Rushan Gulf. All the experiments were carried out in experimental enclosures (100m2 or 25m2) built in 
field ponds, which was ‘closed system’ with little or ‘zero’ water discharge and more details from Tian 
[6].  
Thirty enclosures with homogeneous muddy condition were built up in a shrimp pond with 20 years 
history and a size of 1.33 ha and had an average water depth of 1.5 m. There were eighteen 
100m2(10m×10m) enclosures used for oyster-shrimp poly-culture. Healthy Chinese shrimp 
(Fenneropenaeus chinensis) post-larva were obtained from a local hatchery, the shrimp length was 
1.21±0.14 cm and stocked as a density 45ind/m2. The species of oyster was Crassostrea gigas with length 
of 10.75±2.80cm and weight of 105.60±43.15g. By delaminating cages the oyster was suspended in water 
before experiment and the oyster weight of every cage was 12.50±0.56kg. Different densities of oyster 
were set up in turn, 0 kg/m3, 0.08kg/m3, 0.16kg/m3, 0.32kg/m3, 0.64 kg/m3, and 0.80kg/m3 as the control 
or treatments. The control and each treatment had three replicates. The period of experiment was 50 days.  
Others twelve 25m2(5m×5m) enclosures were used for shrimp-clamworm poly-culture. The Chinese 
shrimp post-larva had length of 2.10±0.30cm, stocked density of 32ind/m2. The species of clamworm was 
Perinereis aibuhitensis Grube, with length between 5.20cm-9.60cm. Different densities of clamworm 
with three replicates were also set up in turn, 0 kg/m2, 0.4 kg/m2, 0.8 kg/m2, and 1.2 kg/m2. The period of 
experiment was 60 days. 
2.2 .Bioremediation 
In the bioremediation experiments, two series of probiotics were used. One of them was a compounded 
microbiological preparation mixed with three strains of Bacillus designated SPM2, SPW3, and 
3041(abbreviated SS3) supplied by the Darwin Unit-UK of Ocean University of China. They were 
selected for their ability to rapidly break down organic matter in shrimp fecal and feed, and contained 
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around 1h108 cell/g. Nine 25m2(5mh5m) enclosures were build up for the first bioremediation 
experiment in the same locus pond as above. 3 enclosures were applied the SS3 200g of each at the start 
of the trial, reinforced 100g/enclosure later every 10 days until crop. Other 3 enclosures used the SS3 ad a 
nutriment named Bioenergizer in dilution ratio of 1:10000, which was determined by its ability of 
intensifying the biological activity of SS3 in laboratory. The last three used as the control. The stocked 
Chinese shrimp post-larva had length of 0.75f0.06cm, and stocked density of 60 ind/m2. The period of 
experiment was 80 days. 
The other probiotics was also a compounded microbiological preparation (abbreviated MP) and was 
supplied by the South China Sea Fisheries Institute, CAFS. It was composed of Bacillus subtilis, Bacillus 
cereus, and Bacillus licheniformis separated from sediment in the tilapia pond, and contained around 1h
109 cell/g. Fifteen 25m2(5mh5m) enclosures were build up for this bioremediation experiment. Different 
dosage concentrations of MP were applied as follows: 0 g/m2, 2 g/m2, 4 g/m2, 8 g/m2, and 16g/m2. Each 
concentration treatment had three replicates. The Litopenaeus vannamei shrimp post-larva had length of 
1.68f0.15cm, and stocked density of 45 ind/m2. The period of experiment was 50 days 
2.3. Physical/chemical analyses 
Every 10 days, a sediment core at 5cm in length was taken by transparent acrylic core tubes with inner 
diameter of 2.5 cm for determination of sediment parameters. Sediment density was determined as the 
weight of a known sediment volume, while sediment water content was measured as water loss after 
drying for 24 h at 80ć. The dried sediment was used subsequently for determination of total nitrogen 
(TN) and total phosphate (TP). TN was determined based on the modified Kjeldahl method, TP was 
determined by phosphoric colorimetry as described by Hong [7].  
One 5g wet subsample was used to determine total sulfide (S2-) with an ion selective electrode within 6 
hours. 
2.4.Assessment for pollutant reduction 
The pollutant reducing effect was assessed and compared using the relative pollution index and the 
pollutant reduction index based on contaminations of N, P, and S in sediment. The relative pollution 
index is given by the following set of coupled equations: 
                                                                                            (1) 
                                                                                   (2) 
                                                   (3) 
Where RI is the relative pollution index and Ci is the product of N, P, and S criterions from table 1. Si 
is the mean of the products of mensurated N, P, S in sediments and n (ı5)is the sampling degree within 
the experiment period.  
The pollutant reduction index was defined as: 
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Where PI is the pollutant reduction index. RIi and RIc represents the relative pollution index of 
treatments and their controls respectively. Sc is the mean of the products of mensurated N, P, and S in the 
corresponding controls. 
Table1 The evaluation criteria of sediment 
 
From ‘The pollution evaluation criteria of sediment in Chinese coast extensive survey’ [8] 
3. Results 
3.1. Poly-culture 
Fig 1 showed the RI based on N, P, and S in sediment and had a significant difference (P=0.008ˈone-
way ANOVA, LSD test) among different treatments and the control. The 0.64kg/m3 treatment had a 
lower RI value than others and the control, which suggested effective reduction of nutritional pollution in 
the shrimp pond. The RI value of the 0.80kg/m3 treatment was significantly higher than 0 kg/m3, 
suggesting that it had an adverse effect on pollution reduction. So the density between 0.32kg/m3-
0.64kg/m3 of oyster was feasible to use for shrimp-oyster poly-culture based on this experiment 
 
Fig.1 Relative pollution index in the sediment of the shrimp-oyster poly-culture. Values are mean±S.D., n=3 for each treatment. 
Data with different letters indicate that the RI between them is significantly different (LSD test, P<0.05). 
 
The RI based on N, P, and S in the sediment was showed in Fig 2 and there was a significant 
difference (P=0.002ˈone-way ANOVA) among the treatments and the control. Moreover, the higher 
clamworm density was calculated to be proportional to RI as an exponential model, suggesting that a 
higher clamworm stocking had a better pollution reduction effect on the shrimp pond bottom. Integrated 
with the shrimp survival, a density of between 0.4 kg/m2-0.8 kg/m2 of clamworm was feasible to use for 
shrimp-clamworm poly-culture based on this experiment 
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Fig.2 Relative pollution index in sediment of shrimp-clamworm poly-culture. Values are mean±S.D., n=3 for each treatment. Data 
with different letters indicate that the RI between them is significantly different (P<0.05). Clamworm density was calculated to be 
proportional to the RI as an exponential model: RI=5.837ȡ(clamworm)-0.1264 (r2=0.88ˈn=4). 
3.2. Bioremediation 
The RI values had no difference between them (P=0.861ˈone-way ANOVA, fig 3), which implied 
that the applied probiotics had no potential in promotion of organic matter decomposition or sulfide 
oxidation in sediments and seemed harmful to the shrimp culture 
 
Fig.3 Relative pollution index of contamination factors N, P, and S in sediment applied probiotics SS3. Values are mean±S.D., n=3 
for each treatment. There were no differences among them (P=0.861ˈone-way ANOVA, LSD test). 
In contrast to the probiotics SS3, the high concentration of MP had a lower RI value than the control 
(P=0.009ˈone-way ANOVA, fig 4), showing a significant ability to modify organically polluted 
sediments and a successful bioremediation effect 
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Fig.4 Relative pollution index of contamination factors N, P, and S in sediment of the probiotics MP enclosures. Values are 
mean±S.D., n=3 for each treatment. Data with different letters indicate that RI between them is significantly different (P<0.05) 
3.3. Comparison of pollution reduction index 
Fig 5 showed the values of the pollution reduction index PI based on contaminations of N, P, and S in 
sediment in four ways. Among them treatments with a high clamworm-stocking density at 1.2kg/m2 and a 
high MP concentration at 8g/m2 had maximum PI values of 0.173f0.004 and 0.153f0.027 respectively, 
showing the strongest effect on pollution reduction out of the other techniques. Secondly the middle 
oyster density of 0.64 kg/m3 and clamworm density of 0.4 kg/m2, and 0.8 kg/m2 were favorable to the 
trial intention, and the PI value was between 0.13 and 0.15. At last, the probiotics SS3 treatment had a 
minimum PI value of less than 0.05, showing little effect on the modification of organically polluted 
sediments. According to the PI values, the effect of pollution reduction was ranked as follows: poly-
culture with clamworm, probiotics MP, poly-culture with oyster, probiotics SS3 
 
Fig.5 The value of pollution reduction index based on contaminations N, P, and S in sediment of different 
biotechnology treatments. Values are mean±S.D., n=3 for each treatment. PI values less than zero were 
not shown. 
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4. Discussion 
It is widely recognised that macrofauna, through their feeding, burrowing, and ventilation activities, 
have an important influence on microbial activity and sediment metabolism in marine sediments [9, 10]. 
As degradation of organic matter, diagenesis of nutrients, and removal of metabolites are key parameters 
with respect to deposited shrimp pond waste, the appearance of infauna seems crucial for its 
transformation into an environmentally neutral substratum [10, 11]. In our study, clamworm was useful 
for the treatment of nutritionally polluted sediments under the shrimp net pen culture, and clamworm 
density was calculated to be proportional to RI values as an exponential model. 
Meksumpun[12]researched polychaete-sediment relations in a tidal flat of Thailand and similarly found 
that the abundance of Notomastus sp. was positively correlated with high sediment organic levels, and 
suggested that polychaete had potential for waste management via bioturbation, whose advice was 
successfully verified by the clamworm-shrimp poly-culture trial in the shrimp pond. In general, although 
high clamworm stocking density could effectively modify organically polluted sediments, yet 
overstocking of clamworm could result in higher mortality and lower yield of shrimp for dissolved 
oxygen overspending in closed circumstance. Therefore, the clamworm density 0.4kg/m2-0.8kg/m2 
should be feasible to shrimp-clamworm poly-culture based this experiment. 
Cultivated bivalve filter feeders play a key role in many coastal ecosystems due to their high filtration 
capacity [13]. The organic component of pond effluent can provide a rich source of food for bivalves[14]. 
Bivalves, such as oysters, can also facilitate the removal of fine inorganic matter from suspension by 
coagulating this material into larger, more settleable particles and egesting them as pseudofaeces[15]. 
Previous studies have shown that filtration by oysters can significantly reduce the concentrations of 
bacteria, phytoplankton, total nitrogen (N), total phosphorus P, and other suspended particles in shrimp 
pond effluent [16]. Therefore, poly-culture with a suitable density of oyster can improve on aquatic 
environment by the reutilization of waste products in a shrimp pond, and can maintain a beneficial 
benthonic ecosystem in the great mass of the pond bottom by bio-deposition. However, as more living 
biomass is accumulated, increased biodeposition may contribute to significant environmental changes 
such as sediment anoxia, increased consuming of dissolved oxygen and the excretion of NH4+ may 
contribute to a high mortality of shrimp and oyster in a closed environment. From the present study, a 
suitable density of 0.32 kg/m3-0.64 kg/m3 was determined for shrimp-oyster poly-culture, however, the 
costs associated with culture and maintenance of these crops must be considered. These organisms have 
specific requirements for growth and the level of management may be comparable to the principal 
aquaculture species. For example, the oysters are subject to fouling by barnacles and oyster spat, 
requiring cleaning before sale [17]. 
Relative to poly-culture, current research focuses mostly on the use of probiotics as the ‘best available 
technology not entailing excessive costs’, while the use of antibiotics is an examples of possible negative 
impacts of aquaculture on the environment. The success in disposition of drinking water production or 
sewage purification, and anaerobic digestion of bio-wastes by nitrifying bacteria in bio-filters has been 
steadily growing into a fully matured technology [18]. Similarly, in disposition of aquaculture problems, 
some successful probiotics had been reported, for example, a bacterial strain coded PM-4, identified as 
Thalassobacter utilis from seawater, was inoculated into blue crab (Portunus trituberculatus) larval 
rearing tanks, and obtained a survival of 27.2% in the test tanks compared with 6.8% in the control tank 
[19]. Moriarty [20] reported that the farm used a DMS probiotic bacteria that had either a very low 
abundance of luminous Vibrio in pond water or sediments, and very good harvest results. In the present 
studies, by appending the probiotics SS3 and SS3 with nutriment, little amendments capable of which to 
pond bottom and higher shrimp mortalities or lower shrimp yields than the control treatment was 
observed, despite its strong ability in laboratory to rapidly break down organic matter in shrimp fecal and 
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feed. The probiotics SS3 could not improve activity of itself or that it seemed died out quickly after being 
applied to the enclosure. Many of the failures in probiotics research can be attributed to the selection of 
inappropriate microorganisms. In contrast to SS3, the high MP concentration treatments (4g/m2-8g/m2) 
brought on not only higher shrimp survival or yield than the control but also had successful 
bioremediation effects on the pond bottom. Nonetheless, the low concentration treatments (2g/m2) availed 
to low-costs did not have enough effects to reduce pollution compared to the high concentration ones, 
which suggests that the reproduction of this compound of probiotics was not strong enough in the field 
environment. Therefore, it is essential to understand the mechanisms of probiotics action and to define 
selection criteria for potential probiotics that compete with indigenous microflora and became the 
dominating biomass in the location where the microorganisms are expected to be active. 
To summarize, poly-culture with a suitable density of culture species, which can recycle waste 
products in shrimp ponds, has been steadily growing into a matured and economically feasible technology. 
Bioremediation by applied probiotics to aquatic environment has shown amendments capable to pond 
bottom, whereas how to find out the potential probiotics, which would settle down and become the 
dominated biomass in microbial community structure of shrimp pond bottom, seems to need major work 
in the future 
Acknowledgements 
       This work was supported by grants from the Key Technologies R&D Program of China 
(2011BAD13B10) and the Key Agricultural Technologies R&D Program of Guangdong 
(2009B020403003).  
References 
[1] J. Avnimelech, G. Ritvo, Shrimp and fish pond soils: processes and management. Aquaculture(2003), 220, 549-567. 
[2]G. Ritvo, A.L. Lawrence, W.H. Neill, T.M. Samocha, Elemental accumulations in soils of shrimp ponds in six years. Annual 
Meeting of the World Aquaculture Society in Seattle(1997), Washington, pp. 234. 
[3]G.L. Schroeder, G. Wohlfarth, A. Alkon, The dominance of algal-based food webs in fish ponds receiving chemical fertilizers 
plus organic manures. Aquaculture(1990), 86, 219-229. 
[4]D.P. Thakur, C. K. Lin, Water quality and nutrient budget in closed shrimp (Penaeus monodon) culture systems. Aquacultural 
Engineering(2003), 27, 159-176. 
[5]R.L. Naylor, R.J. Goldburg, J.H. Primavera, M. Troell, Effect of aquaculture on world fish supplies. Nature(2000), 405, 
1017-1024. 
[6]X. Tian, D .Li, S. Dong, An experimental study on closed-polyculture of penaeid shrimp with tilapia and constricted tagelus. 
Aquaculture (2001), 202, 57-71. 
[7]H. Hong, Distribution of all kinds of phosphatase in Xiamen Gulf. Marine Environmental Science of China, 1989, 8, 1-10.  
[8]S.Y .Li, F.M. Miao, B.L. He, The evaluation of environmental status in Changshan Archipelago Sea area of the North Yellow 
Sea. Journal of Oceanography of Huanghai&Bohai Seas(1995), 13, 1, 31-39 (in Chinese, with English abstract). 
[9]E. Kristensen, Benthic fauna and biogeochemical processes in marine sediments: microbial activities and fluxes. In: 
Blackburn, T.H., Sørensen, J. (Eds.), Nitrogen Cycling in Coastal Marine Environments. Wiley, Chichester(1988), pp. 275-299. 
[10]R.C. Aller, J.Y. Aller, The effect of biogenic irrigation intensity and solute exchanges on diagenetic reaction rates in marine 
sediments. J. Mar. Res. (1998), 56, 905-936. 
[11]E. Kristensen, Organic matter diagenesis at the oxic/anoxic interface in coastal marine sediments, with emphasis on the role 
of burrowing animals. Hydrobiologia(2001), 426, 1-24. 
1567 Yuepeng Su et al. /  Procedia Environmental Sciences  10 ( 2011 )  1559 – 1567 
 
[12]C. Meksumpun, S. Meksumpun, Polychaete-sediment relations in Rayong, Thailand. Environmental Pollution(1999), 105, 
447-456. 
[13]A. Smaal, M.V. Stralen, E. Schuiling, The interaction between shellfish culture and ecosystem processes. Can. J. Fish. 
Aquat. Sci. (2001), 58 (5), 991-1002. 
[14]R.I. Newell, S.J. Jordan, Preferential ingestion of organic material by the American oyster, Crassostrea Oirginica. Mar. 
Ecol.: Prog. Ser. (1983), 13, 47-53. 
[15]K.R. Tenore, W.M. Dunstan, Comparison of feeding and biodeposition of three bivalves at different food levels. Mar. Biol. 
(1973), 21, 190-195. 
[16]A.B. Jones, N.P. Preston, Oyster filtration of shrimp farm effluent, the effects on water quality. Aquacult. Res.(1999), 30, 
51-57. 
[17]A.B. Jones, W.C. Dennison, N.P. Preston, Integrated treatment of shrimp effluent by sedimentation, oyster filtration and 
macroalgal absorption: a laboratory scale study. Aquaculture(2001), 193, 155-178. 
[18]P. Vandevivere, W. Verstraete, Environmental applications. In: Ratledge, C., Kristiansen, B. (Eds.), Basic Biotechnology. 
University Press, Oxford(2001), pp. 531-559. 
[19]K. Nogami, M. Maeda, Bacteria as biocontrol agents for rearing larvae of the crab Portunus trituberculatus. Can. J. Fish. 
Aquat. Sci. (1992), 49, 2373-2376. 
[20]D.J. Moriarty, Control of luminous Vibrio species in penaeid aquaculture ponds. Aquaculture(1998), 164, 351-358 . 
